ABSTRACT: The main objective of this paper is to evaluate the water quality based on diatom indices in the study area of the Danube-Tisa-Danube (DTD) canal system. We used four diatom indices: Watanabe's index (DAIpo), biological diatom index (BDI or IBD), the trophic diatom index (TDI) and index of pollution sensitivity (IPS). Benthic samples were collected in the spring and autumn 2002 and 2003 from nine sampling sites. The standard method with concentrated sulfuric acid was used for treatment of the algological samples [Krammer and Lange-Bertalot 1986] and then permanent slides of diatoms were made. The abundance was estimated by counting 400 valves of each taxa present on slide [Round 1991 [Round , 1993 . Investigation of the DTD canal system resulted in description of 145 diatom taxa. Based on the indicator values of identified taxa we calculated four diatom indices (DAIpo, BDI, TDI and IPS) and estimated water quality in the study area of the DTD canal system.
INTRODUCTION
Assessment of the human impact on aquatic organisms has been carried out for more than a century and the first studies assessing the effect of pollution on freshwater diatom communities appeared approximately 60 years ago. After these first approaches, benthic diatoms in rivers became obligatory bioindicators in several European and American countries in the late 1990s [Rimet 2012 ].
The Water Framework Directive (2000/60/EC), established in December 2000 by the European Commission, requires the monitoring and classification of all surface and ground waters physically, chemically and biologically [Żelazowski et al., 2004] . The best way to express the relationship between diatom indicator species and water quality in rivers and streams are diatom indices. Indices are simple arithmetic expressions that are based on some form of counting species.
The study of algae in the Danube-Tisa canal started in the 1960s [Szabados 1966] . During 1980s and 1990s, the authors studied the plankton composition and saprobiological characteristics of the DTD canal system [Pujin et al., 1986; Obušković 1989 Obušković , 1991 Obušković , 1992 Kojčić et al., 1995; Pujin 1998 ]. Then follows a series of papers about the seasonal dynamics of phytoplankton and ecological potential of diatoms in the DTD canal system [Nemeš 2009; Nemes and Matavuly 2004 , 2005a ,b, 2006 Nemeš and Matavulj 2007a,b; Nemeš et al. 2003 Nemeš et al. , 2004 Nemeš et al. , 2005 Nemeš et al. , 2006a Nemeš et al. ,b, 2007a Nemeš et al. ,b, 2008 . Benthic samples were collected depending on the type of substrate. As a fixative and preservative 4% solution of formaldehyde was used. The standard 1 Sombor 2 Srpski Miletić 3 Mali Stapar 4 Bač 5 Vrbas I 6 Bački Petrovac 7 Novi Sad 8 Bačko Gradište 9 Novo Miloševo method with concentrated sulfuric acid was used for treatment of the algological samples [Krammer and Lange-Bertalot 1986] which were then mounted in a synthetic medium Naphrax ® . Microscopic examination of the permanent slides was done using the light microscope Zeiss AxioImager M1 with digital camera AxioCam MRc5 and AxioVision 4.8 software.
The relative abundance of taxa within the diatom community in the samples was determined by the valve percentage representation of each taxon relative to 400 numbered valve at every permanent slide [Round 1991 [Round , 1993 . According to the indicator values of identified taxa, we calculated four diatom indices (DAIpo, BDI, TDI and IPS) and estimated water quality in the study area of the DTD canal system.
Watanabe and his co-workers in Japan devised DAIpo index in relation to organic pollution of river waters [Watanabe et al., 1988] . Classification of water based on this index is as follows: DAIpo < 50 -polysaprobic water; 50-70 -α-mesosaprobic water; 70-85 -β-mesosaprobic water; 85-100 -oligosaprobic water.
At BDI, species profiles were calculated according to the presence probability values of the species along the seven water quality classes [Coste et al., 2009] . Classification of water based on this index is as follows: 1-4 -poor water quality; 5-8 -low water quality; 9-12 -moderate water quality; 13-16 -good water quality; 17-20 -very good water quality.
Concern over the increasing influx of nutrients into rivers of Europe initiated the creation of the TDI [Kelly and Whitton 1995] IPS is related to organic pollution, ion concentration and eutrophication. Class boundaries for the IPS were not set by the original authors, but generally the classification of the related IBD is used [Nieuwenhuis et al., 2005] .
RESULTS AND DISCUSSION

Diatoms community composition
The investigation of the algological samples from DTD canal system resulted in description of 145 diatom taxa. They were divided into 3 classes, 4 subclasses, 11 orders, 21 families and 39 genera.
The most common were the representatives of the Bacillariophyceae class with 116 taxa (80.00%), then Fragilariophyceae class (22 taxa, 15.17%) and finally Coscinodiscophyceae class (7 taxa, 4.82%). Bacillariophycideae subclass had the highest number of taxa (116 taxa, 80.00%), while the lowest num-ber of taxa was recorded in the Coscinodisophycideae subclass (2 taxa, 1.37%). As for the orders, the most common were the representatives of the Naviculales order with 39 taxa (26.89%), and then the representatives of the Cymbellales order with 30 taxa (20.68%). The lowest number of taxa was recorded in Aulacoseirales and Coscinodiscales orders (1 taxon, 0.68%). Fragilariaceae was the most species-rich family (22 taxa, 15.17%), then Bacillariaceae (21 taxa, 14.48%), and Naviculaceae (20 taxa, 13.79%). Navicula was the most species-rich genus (19 taxa, 13.10%), then Fragilaria (16 taxa, 11.03%) and Nitzschia (12 taxa, 8.27%).
Cyclotella meneghiniana Kützing (Fig. 2, d ) and Stephanodiscus hantzschii Grunow (Fig. 2, e) were the taxa that occur at all investigated sites of the DTD canal system, and in all samples. Cocconeis placentula var. lineata (Ehr.) van Heurck (Fig. 2, b) and Fragilaria biceps (Kütz.) Lange-Bertalot (Fig. 2, a) were taxa that occur at most of the studied sites of the DTD canal system. Aulacoseira granulata (Ehr.) Simonsen (Fig. 2, c) , C. meneghiniana and S. hantzschii were the most dominant taxa. In most samples the proportion of planktonic centric diatoms was high. This is not surprising considering the flow rate of the DTD canal system water. Ács et al. [2003] had reported similar results in the Danube River. In previous studies, C. meneghiniana was also the dominant species in the DTD canal system [Nemeš et al., 2005a [Nemeš et al., ,b, 2006a . Also, Cyclotella and Stephanodiscus species (usually abundant in lowland, eutrophic conditions) were found in high numbers in benthic diatom films from some rivers in England. 32% of the benthic diatom film from the River Wear was composed of Cyclotella because of the long period of low flows [Kelly 1998 ].
Water quality assessment using diatom indices
Four diatom indices for the 16 samples were calculated on the basis of the determined diatom flora at 9 sampling sites (Fig. 3) .
Fig. 3. Diatom indices values at the sampling sites of the DTD canal system
According to the results obtained by calculating diatom indices, it was evident that the DTD canal system water was of moderate quality at most sampling sites. It belongs to the group of α-mesosaprobic water with intermediate nutrient concentrations. Previous studies show similar results [Obušković 1991 [Obušković , 1992 Nemeš et al., 2006a Nemeš et al., ,b, 2007a . At most sites there was an improvement of water quality in 2003 comparing to 2002, which can be concluded from the results of all four diatom indices. From two sites (Bač and Bački Petrovac) sampling was performed only in 2002, so we could not determine the trend of water quality at these sites.
According to the DAIpo values that were in the range of 31.66 to 79.48, water quality of the DTD canal system was in the range of the polysaprobic to the β-mesosaprobic water depending on the locality, year of sampling and sampling period of the year (Fig. 3) .
Since water can be characterized as β-mesosaprobic water at only two sites (Vrbas I and Mali Stapar), water of the DTD canal system during the spring and autumn 2002 and 2003 can be characterized as transitive between α-mesosaprobic and polysaprobic water. DAIpo values were probably affected by many water-quality factors. High nitrite and phosphate concentrations and low dissolved oxygen have been suggested to reduce those values, unlike the high electric conductivity and nitrate concentrations [Uchikoshi et al., 2008] . The best water quality in relation to organic pollution was determined at Mali Stapar sampling site and the worst at Novo Miloševo, which can probably be attributed to the effect of the settlement wastewater.
According to the TDI values, we can conclude that the water of the DTD canal system was characterized by low, intermediate and high nutrient concentrations at different sampling sites, depending on the year of sampling and season of the year (Fig. 3) . However, the index values for the majority of sites were in the range of 40.22 to 56.61, which means that intermediate concentrations of nutrients in the water of the DTD canal system were present. The largest change in nutrient concentrations occurred at Bačko Gradište site (from low to very high concentration of nutrients in only 5 months time). In Serbia, water quality of the Nišava River was assessed according to the TDI. The results showed that most of the sites on the Nišava River in investigated period had eutrophic character of water (high value of TDI) [Andrejić 2012] .
As for the TDI, water quality was found different considering various sampling sites. Very high TDI values were recorded at one site (Bačko Gradište, February, 2003) , which indicates high degree of eutrophication. Low values were recorded at two sites (Mali Stapar, 2003 and Bačko Gradište, 2002) . Similar to this study, when considering the TDI, some sampling sites of Upper Porsuk Creek (Turkey) were under eutrophication threat while others were eutrophic, very polluted [Solak 2011 ]. Juttner et al. [2003 found the TDI to be significantly correlated with orthophosphate concentrations when %PTV (% of motile algae) values were < 20% [Bellinger et al., 2006] . Since in all cases %PTV were < 20% it could be concluded that the organic pollution had very little impact on water eutrophication. TDI showed no significant correlation with percentages of "eutrophic" species. This may occur because of various factors affecting diatom composition. Some of these are not related directly to water quality (e.g. current speed, grazing) [Eassa 2012] .
Values obtained by calculating the BDI clearly indicated the moderate quality of the DTD canal system water. Calculating the index for 14 samples (out of 16) from seven sites (out of 9), the values obtained were in the range of 9.41 to 12.15 indicating the moderate water quality (Fig. 3) . Calculating the index for the other two samples from two different sites (Vrbas I, 2003 and Sombor, 2003 ) the values obtained indicated good water quality. Vrbas I site was characterized by good water quality calculating BDI and DAIpo indices. Values obtained by calculating the IPS are very similar with values obtained by BDI (Fig. 3) .
According to the research conducted in the Pilica River (Poland), the BDI shows great similarity to the IPS [Szulc and Szulc 2013] . In our study, the situ-ation was the same. It was expected, as both studied were based on the same Zelinka and Marvan formula. Also, according to the other research conducted in the same river, both indices significantly positively correlated with COD-CR and conductivity, while negatively correlated with total nitrogen, total phosphorus and phosphates [Szulc 2009 ]. Similar correlations have been observed in French rivers [Coste et al., 2009] .
CONCLUSION
The main objective of this paper was to evaluate the water quality in the study area of the DTD canal system based on four diatom indices (DAIpo, BDI, TDI and IPS).
The abundance was estimated by counting 400 valves of each taxa present on slide (Round, 1991 (Round, , 1993 . The investigation of the algological samples from the DTD canal system resulted in description of 145 diatom taxa. They were divided into 3 classes, 4 subclasses, 11 orders, 21 family and 39 genera. The most common were the representatives of the Bacillariophyceae class with 116 taxa (80%). Bacillariophycideae subclass had the highest number of taxa (116 taxa, 80%). As for the orders, the most common were representatives of the Naviculales order, with 39 taxa (26.89%). Fragilariacea was the most speciesrich family (22 taxa, 15.17%). Navicula was the most species-rich genus (19 taxa, 13.10%).
Cyclotella meneghiniana and Stephanodiscus hantzschii were the taxa that occur at all investigated sites of the DTD canal system, and in all samples. A. granulata, C. meneghiniana and S. hantzschii were the most dominant taxa.
According to the results obtained by calculating diatom indices, the water quality of the DTD canal system at most sites was moderate, belonging to the group of α-mesosaprobic water with intermediate nutrient concentrations.
